Background: Immigrants typically arrive in good health. This health benefit can decline as immigrants adopt behaviours similar to native-born populations. Risk of injury is low in immigrants but it is not known whether this changes with increasing time since migration. We sought to examine the association between duration of residence in Canada and risk of unintentional injury.
Background
With the proliferation of global migration, increasing attention is being paid to health outcomes of immigrants in developed countries. Immigrants tend to arrive with better health than their native born counterparts. This healthy immigrant effect has been demonstrated across multiple health systems, in several countries, and for a number of conditions [1] [2] [3] [4] [5] [6] [7] . With increasing duration of residence in a host country, this health benefit can shrink as immigrants adopt behaviours and exposures more similar to the native population. This latter observation, demonstrated in adult populations, has been termed the "convergence hypothesis" [4, 8, 9] .
The notion of the healthy immigrant effect has been less well studied in children and young adults but has been shown for immunizations [10] , mental health [1, 11] , and substance use [1] . The convergence hypothesis, however, has not been evaluated at a population-based level for pediatric health outcomes. Moreover, in adults, there is considerable variation in the effects of immigration on health and its subsequent convergence towards the native population depending on the health outcome and region of origin [8, 9] .
Injury remains one of the leading causes of death, hospitalization, and emergency department (ED) visits for children and youth in North America and Europe [12, 13] . Most injuries are preventable, and injury reduction strategies, when targeted and implemented appropriately, are successful [14] [15] [16] . Immigrants have a lower risk of unintentional injury than Canadian born children [17] [18] [19] . Though there is some cause-specific variability, this has been demonstrated across all causes of injury [19] . The evidence for the extent to which the lower risk of injury persists with increasing duration of residence in a new country for children and young adults from immigrant families is not known. As immigrant populations acculturate, their risk-taking behaviours or exposures may change. Investigating patterns of injury across immigrant populations with increasing time since migration can help provide a more comprehensive picture of contributing factors to injury risk in this large and growing population. With better understanding of unintentional injury risk in immigrants, strategies can be developed for injury prevention, education, behaviour modification, and policy development so that immigrants can maintain their health advantage.
We sought to examine patterns of unintentional injury in children and youth from immigrant families in a large, diverse Canadian province with a single payer health care system where 20% of the population are immigrants [20] . Our specific objectives were to describe the epidemiology of unintentional injury-related emergency department visits, hospitalizations, and deaths overall and according to cause of injury in recent, intermediate-term, and long-term children and youth from immigrant families and by region of origin; and to test the association of unintentional injury and duration of residence and region of origin in children from immigrant families in Ontario, Canada.
Methods

Study Design
This population-based cross-sectional study was carried out at the Institute for Clinical Evaluative Sciences (ICES) using multiple, linked health and administrative databases ( Fig. 1 
Dataset Sources
The Ontario Health Insurance Plan (OHIP) is the singlepayer, universal funding plan for medically necessary physician and hospital services in Ontario. Permanent residents admitted to Canada as immigrants or refugees are typically eligible for OHIP within 3 months of living in Ontario. OHIP eligible persons are entered into Ontario's health care registry, the Registered Persons Database (RPDB), which contains socio-demographic information about residents including their age, sex, and postal code. Their OHIP number is encoded and linked to a number of other health administrative and demographic databases. The Canadian Institute for Health Information (CIHI) Discharge Abstract Database (DAD) and National Ambulatory Care Reporting System (NACRS) provide standard data collection and reporting tools to capture hospitalization and emergency department visit information, respectively, and include the main diagnosis. Linkage rates to the RPDB are greater than 97% [21] . These were used to obtain injury-related information where a hospital or ED visit occurred. The Ontario Registrar General -Death (Vital Stats) was used to identify in and out of hospital injury-related deaths in Ontario. Neighbourhood income quintile was obtained using Statistics Canada's Postal Code Conversion File to link a patient's postal code at the dissemination area level (400 to 700 persons) based on the 2006 Canadian Census [22] .
The Permanent Resident Data System, a federal database maintained by Immigration, Refugees and Citizenship Canada (IRCC), holds socio-demographic and immigration information on all permanent residents landing in Ontario from January 1 st , 1985 to the present. Permanent residents are immigrants who have been granted to the right to stay and work in Canada without limitations on their stay. It does not include data on temporary or undocumented immigrants. Information is collected from official immigration documents upon landing. The MOMBABY database is an ICES derived database that pairs all mothers with their newborns, delivered in hospital in Ontario through linkage of the CIHI-DAD inpatient admission records of delivering mothers and their newborns [21] . This was used to identify newborns born in Canada to immigrant mothers.
Study Population
The study population included children and youth from birth to 24 years of age who were immigrants, or were born in Canada to immigrant mothers. To be included, individuals must have had an IRCC permanent resident record or be the child of a mother with an IRCC record and have a linked mother-baby dyad in the ICES MOM-BABY database. Maternal immigrant status was included to reflect the influence of family immigrant status, rather than that of only the child. Parental health and risk-taking behaviours are particularly important for a child's risk of injury (e.g. safe sleeping and cooking environments, car seat safety, etc.) Moreover, maternal immigrant status is associated with risk of injury in children [19, 23] . Individuals must have been residing in Ontario with a valid Ontario Health Insurance Plan (OHIP) number between January 1 st 2011 and December 31 st , 2012.
Outcome Measures
The main outcome measure was an unintentional injury-related visit to an ED or a hospitalization, or an unintentional injury related death (in and out of hospital) during the study window (2011 to 2012). The International Classification of Disease 10-CM External Cause of Injury Codes were used to identify and group injuries by cause [24] . Multiple events by the same patient were included although only one event per patient per day was included. Where individuals had an ED visit with a subsequent hospitalization, only the hospitalization was counted. Duplicate, overlapping, or transferred ED visits were not double counted so that only the first record for any given injury event was considered.
Exposure Variables
The main exposure was duration of residence in Canada. Immigrants were grouped as recent (0 to 5 years in Canada), intermediate-term (6 to 10 years in Canada), and long-term (greater than 10 years in Canada). Duration of residence was determined from the difference of the number of years from the date of landing to December 31 st , 2011 (study mid-point). If the patient was born in Canada to an immigrant mother, the duration of residence was calculated based on the maternal immigration information. The secondary exposure was region of origin, based on the country of birth, using modified IRCC region groupings [20] .
Covariates
A number of covariates that have been shown to be associated with risk of unintentional injury were considered. Older age (adolescence) is a strong predictor of injury risk, as is male sex [17, 25] . Both age and sex were therefore included as covariates. In a number of populations, low income has been associated with an increased risk of both unintentional and intentional injury [23, 26] . We therefore included postal code based neighbourhood income quintiles within dissemination areas (areas of 400 to 700 individuals) from health records as a covariate.
Statistical Analysis
Descriptive statistics were performed for the main independent variables, outcome variables, and covariates. The crude injury rates were calculated, as were the total number of events. To compare outcomes of immigrants by duration of residence, multiple variable Poisson regression models adjusting for overdispersion were used to compute rate ratios with 95% confidence intervals. A sensitivity analysis excluding children and youth of immigrant mothers was also performed. For each model, variables were selected a priori and included in the regression analysis. The cause-specific rate ratios of injury by duration of residence was also calculated using multiple variable Poisson regression models adjusting for overdispersion. All statistical modelling was carried out using SAS Enterprise Guide, version 6.1 (SAS Institute Inc., Cary, NC).
Results
There were 999 951 children and youth included in the study. Compared with long-term immigrants, recent immigrants had a greater proportion of young and lower neighbourhood income quintile individuals (Table 1) . Most (49.5%) immigrants were from South and East Asia. The annual crude rates of unintentional injuries per 100 000 were 6830 for ED visits, 151 for hospitalizations, and 4 deaths. Table 2 shows the rates of unintentional-injury events by duration of residence and region of origin. Compared with recent immigrants, immigrants living in Canada for more than 10 years had higher rates of ED visits and hospitalizations for injuries across all age groups, income quintiles, and regions of origin with the exceptions of hospitalizations among 10-to 14-year-olds and Central Americans and emergency department visits among those from South America where rates were relatively unchanged. Immigrants from East and South Asia had the lowest rates of unintentional injury, and those from the United States/United Kingdom/Europe, Central Asia, and South America had the highest rates.
In the multiple variable Poisson regression model (Table 3) , after adjusting for age, sex, income quintile, and region of origin, recent immigrants had significantly lower rates of unintentional injury and this risk increased over time (rate ratio [RR] = 0.79, 95% confidence interval [CI] 0.77, 0.81 for recent immigrants, RR = 0.90; 95% CI 0.88, 0.92 for intermediate immigrants compared to long-term immigrants). Sensitivity analysis excluding children and youth born to immigrant mothers (Additional file 1: Tables S1 and S2), excluding infants less than one year (Additional file 2: Tables S3 and S4) , and excluding those with missing region of origin (Additional file 3: Table S5 ) showed Figure 2 shows the cause-specific risk of unintentional injury by duration of residence in Canada. Longer duration of residence was associated with a higher risk of unintentional injuries for most causes except hot object/ scald burns, machinery-related injuries, non-motor vehicle bicycle and pedestrian injuries. The risk of these latter injuries did not change significantly with increasing duration of residence in Canada. Moreover, risk of injury was highest in recent immigrants for drowning. In evaluating cause-specific injury by severity (i.e. those requiring hospitalization or causing death versus ED visit), similar patterns by duration of residence were observed in causespecific rates of injury (Table 4 ).
Discussion
In this large population-based cross-sectional study, we report longer duration of residence in Canada is associated with an increased risk of unintentional injuries in children and young adults from immigrant families. This was observed across most causes of injury, except for drowning and scald burns where the highest rates of injury were among newcomers (≤ 5 years in Canada). Risk of unintentional injury was lowest in immigrants from South and East Asia and highest in those from Europe and the Americas. The rates of unintentional injury in our cohort of immigrants are much lower than published rates for pediatric injuries in the general child and youth population of Ontario [17] , supporting a healthy immigrant effect. Our study is the first to report a loss of this health advantage over time, with immigrant injury risk converging towards levels of the general Canadian population. This is particularly important given the amenability of injury risk to appropriately targeted safety interventions [13] .
The shrinking health benefit of immigrants over time may be explained by a number of factors. As immigrants acculturate, they may introduce changes to their parenting style, including direct supervision of children. With settlement and integration, children and youth may have increased exposures such as more time spent in motor vehicles with less time spent exploring urban areas as pedestrians. The worsening injury rates in immigrants may reflect adoption of unhealthy, risk taking behaviours known to contribute to injury, such as drug and alcohol use [13] or involvement with gang-related firearm violence [27, 28] . There may also be changes in access to primary care, which has been shown to be worse over time from migration [29] . This may reduce opportunities for preventative counselling on injuries and safe play over time in Canada. Similarly, barriers to care-seeking including initial distrust in or use of the health care system may preclude recent immigrants from visiting a hospital for injuries. Conversely, our findings of increasing falls, cuts, and overexertion may indicate improved access to play spaces with increased physical activity or participation in sport by immigrants as they integrate into life in Canada.
The observed rates of cause-specific injuries by duration of residence are not unexpected. Research from Denmark has shown that while pediatric immigrants have lower risk of injury, a higher proportion scald and hot oil burns occurred in immigrants compared with native Danes [23] . More time spent at home cooking and preparing foods by immigrants, especially within newcomers, may explain this finding. Drowning rates among newcomers may be related to lack of knowledge about safe swim environments and highlights an area in need of intervention. Relatively high rates of suffocation were observed in recent immigrants. Recent immigrants may have inferior understanding of North American or European product safety guidelines such as crib safety (placing infant supine, avoiding drop-side rails, and not using loose bedding in cribs or blind cord safety), all of which can lead to entrapment or strangulation and subsequent suffocation [13] . Understanding the variability in the influence of duration of residence over time on cause-specific injuries will be important to study as injury prevention strategies are developed. For example, the unchanged rates of bicycle, pedestrian, and machinery injuries may reflect the countering protective effects of being a recent immigrant and changes in exposures over time in Canada. This remains to be studied.
We observed significant differences in risk of injury by region of origin. In particular, South and East Asian immigrant populations had very low rates of injury.
Others have described significant variability in rates of injury mortality by region of origin [5] though comparisons to Asian immigrant populations have not previously been reported. Interestingly, South and East Asian immigrants have among the highest in-country unintentional injury rates across the globe (49.0 injuries per 100 000 population), with rates second only to African countries [13] . Clearly, this risk is not brought with them through immigration. Our observations may be related to selection factors in those who immigrate to Canada as well as cultural differences in risk taking behaviours and exposures that reduce overall risk of unintentional injury upon arrival in Canada.
Strengths and Limitations
This is the first study to report injury risk by duration of residence in a host country. The large sample size, which included the vast majority of immigrants to Ontario, and the use of health services data to ascertain an injury event sets this study apart from other injury studies which have much smaller sample sizes [30] [31] [32] or rely on self-report which can bias results, especially for injury reporting [33] . The findings may be generalizable to many developed regions including the United States, Australia, and the European Union where large proportions of the population are foreign born, from a wide variety of countries, with similar immigration policies and comparable safety standards. However, there are a number of important limitations to our study. As it is based on registry data, this precludes our understanding of circumstances that may have contributed to injury events (i.e. supervision, intoxication, behavioural comorbidities, etc.). Other demographic information such as family education level or paternal immigrant status may have also helped to better understand injury risk over time. Our database does not include temporary or undocumented immigrants and may not be generalizable to these groups. Immigrants who migrate to Ontario after landing in another province (approximately 10%) are misclassified as non-immigrants and are not included in our study. Finally, linkage of the IRCC database to RPDB is not perfect, with a higher proportion of non-linked immigrant populations from Asia, where common names make accurate linkage more challenging [27] .
Conclusions
The risk of all-cause and most cause-specific unintentional injuries in immigrant children and youth rises with increasing duration of residence in Canada. This important finding indicates there is a need to understand why this is occurring and to develop strategies, which may include providing education about water and cooking safety for recent immigrants, to maintain the immigrant health advantage over time after migration. This must be done while balancing the desire to support active living and healthy child development.
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